In arable area the change in land use, the intensification and simplification of cropping systems, as well as the drastic reduction of semi-natural elements (hedges, trees, wet zones, etc.) have led to a significant decrease of biodiversity in arable land . Different options were developed to mitigate negative effect of agriculture intensification, among them extensification and even suppression of chemical input like in organic farming (Hole et al., 2005) , reconsideration of field margin management to enhance semi-natural area of farmland (Marshall and Moonen, 2002) . It is now stated that this process of innovation to enhance biodiversity in arable land requires operational assessment tools. These tools should evaluate the current state at different scales, identify the causes of biodiversity impoverishment in a diagnosis phase, and assess the effects of innovative solution cropping systems (Bockstaller et al., 2008b) . This led many authors to plead for research on biodiversity indicators (Carpenter et al., 2006) which have not to be confounded with bioindicators (Duelli and Obrist, 2003) . The latter use a component of biodiversity to assess something else, like the accumulation of a pollutant.
From a general point of view, the term ''indicator'' can refer to many definitions (Heink and Kowarik, 2010) as shown in figure 1 (Bockstaller et al., 2008b) . Those authors set a typology based on the nature of the indicators.
Indicators can be basic variables (e.g. amount of input) or simple combination of these variables (balance, ratio) as well as field measurements, the former being also called ''indirect'' and the latter ''direct'' indicator regarding biodiversity (Burel et al., 2008) . Indicators can also be derived from model outputs and thus can be considered as ''predictive indicators''. By this way, an indicator can be obtained from the average of model output, transformed into scores or even expressed as the ratio of a model output and a reference value, as for pesticide risk indicators (Bockstaller et al., 2009) . This type of indicators expresses an explicit link between input variables addressing the causes, and an output reflecting an effect on environment. Models can be roughly separated in operational models using a limited and available set of input variables and complex models which are too difficult to implement by non-scientists. If measured indicators are totally relevant for ex post assessment of the state of biodiversity to evaluate e.g. the results of agri-environmental scheme (Kleijn et al., 2006) , they do not allow trace the cause. Simple indicators can complete the information on the causes or ''pressure''. Predictive indicators offer a compromise between simple indicators and measured indicators regarding feasibility and degree of integration of process. They can be used for ex ante assessment to predict effect of simulated system. Such indicators are necessary for agronomist working on innovative cropping design (Sadok et al., 2008) .
Since the 90s, scientific publications on biodiversity indicators have increased to reach 100 articles per year in the last years (Burel et al., 2008) . In the last decade, several reviews were published but their scope was beyond agriculture addressing natural land (e.g. Levrel, 2007) . Others focused on agriculture but covered only measured indicators and secondary simple indicators derived from management data (Braband et al., 2003; B€ uchs et al., 2003; Delbaere, 2003; Burel et al., 2008) . Clergu e et al. (2005) gave two examples of models which can be used to derive indicators: Vegepop2 a complex model predicting the effect on field boundary flora and Flora-predict , an operational model for meadow flora. The model Vegpop2 predicts a dynamic of biomass for different species that allows assess the biodiversity, whereas the operational model Flora-Predic provides a probability of presence. This output only indicates the occurrence of species and can be considered as an indicator. This last group of predictive biodiversity indicators remains poorly covered by scientific literature. In this article, we aimed at providing an overview of the available biodiversity indicators covering the three types of indicators, with a focus on this last group of predictive indicators. We illustrate it with recent initiatives concerning predictive indicators addressing biodiversity for different taxa mainly plants, invertebrate and soil microbial communities, this for spatial scale ranging from field to agricultural landscape.
Measured (direct) indicators
Since the 80s, a vast number of measured indictors were proposed in the literature as previously reviewed by Noss (1990) and more recently by Lindenmayer and Likens (2011) . Indicators based on species diversity and/or abundance among a given taxon or several taxa (e.g. birds, plants, carabid beetles, etc.) are the most commonly indicators used at different scale from field to national level. An exhaustive review of proposals for different taxa can be found in Burel et al. (2008) . Species of almost all taxonomic groups have been proposed (Lindenmayer and Likens, 2011) . The indicator may address all the species of a given taxon or a given category like the number threatened species given by the Red Lists for a given region (see list given by Delbaere (2003) ). It can also focus on the diversity of keystone species, i.e. a species supporting the functioning of a ecosystem and the survival of many other species as well as umbrella species, i.e. species which needs a large area to survive and offers possibility of existence to many other species (Clergu e et al., 2005) . However examples of such specific species are scarce in agriculture.
In field experiments testing new designed cropping systems, agronomist assessed biodiversity by some measured indicators like plant diversity (Vereijken, 1997; Pacini et al., 2003) . Among invertebrates, indicator based on the diversity of carabid beetle were proposed by many authors because they are relatively easy to assess by simple pitfall although they were criticized as indicator of biodiversity (Duelli, 1997 Figure 1 . Typology of indicators base on the construction method and evaluation of their quality (inspired from Bockstaller et al., 2008b) ability of different carabid beetle species to indicate the impact of change of cropping systems from intensive to organic.
At smaller level, soil is one of the major reservoirs of microbial diversity, one gram of soil containing between 3,000 and 11,000 genomes (Torsvik and Ovreas, 2002) . Nevertheless, assessing the diversity (in terms of species number) remained a challenge for microbial ecologists, traditional techniques based on isolation and culturing being too selective (Gardi et al., 2009 ). Molecular techniques like fingerprinting based on 16S rDNA sequences were commonly used to reveal patterns considered as ''a picture'' of the microbial communities. Nevertheless, the evaluation of the microbial specific diversity is poorly informative in relation to soil functioning (Maron et al., 2011) . Therefore molecular techniques targeting key microbial genes implicated in ecosystem functions were valuable tools to assess functional diversity (genetic structure, abundance vs level of expression of functional microbial genes). The development of multiparametric indices integrating these data is now needed to better understand the relationships between soil microbial diversity and function.
At higher scale, only one indicator is currently available in France at present time: the diversity and abundance of common birds (about 120 species) which are divided in generalists, farmland, forest and urban areas. Results of the assessment over more than 10 years show a clear decline in farmland specialists. The strength of this indicator is that is can be relatively easy to obtain, species being easy to determine, easy to interpret, the cause of variation being well know, and present a power of communication to the society (Levrel, 2007) . Since diversity cannot be only be reduced to the number of species but also to their abundance and evenness in distribution, several composite indices were proposed, to go further than the species number. 
Predictive indicators based on model
Like for other environmental issues (e.g. nitrate leaching), researchers developed mechanistic models to predict the dynamic of population for a given species, its survival probability, and ecological process like predator-prey interaction. They worked mainly in ecology for natural area (Guisan and Zimmermann, 2000) with mechanistic models and also operational static models (Gontier et al., 2006) but few concerned farmland. Besides the Vegepop2 model for field boundary flora (see above Clergu e et al., 2005), another model covering a species of farmland, the Corn Bunting deserves attention but remains relatively complex, needing spatial data (Meyer et al., 2007) .
However in recent years, some operational approaches were developed with the specific objective to assess the effect of farmland and crop management on biodiversity as shown in table 3. Most of the methods were developed in frame of a multicriteria assessment (excepted Sanderson et al., 1995; Keichinger, 2001; Butler et al., 2009) . SALCAbd (Jeanneret et al., 2006) was developed to complete the SALCA method based on life cycle analysis. Actually this biodiversity component does not tackle the whole production cycle but only the farm level like the other methods presented in table 3. Indicators of this group provide output in form of a probability of presence for one or a reduced number of species, or in form of risk or impact scores. Whereas some models tackle in a explicit way a broad number of species, for plants (Sanderson et al., 1995) or severa taxa (Butler et al., 2009) , most them focus on a few number of species or few taxa without explicit information on species. The IBEA method (Anonymous., 2011) does not address the species level but only biodiversity in general through an ''environment quality'' and a ''genetic diversity'' components.
Behind the calculation of such predictive indicators, different aggregation approaches are used: scoring systems based on equations (Sanderson et al., 1995; Jeanneret et al., 2006; Butler et al., 2009) or functions (MeyerAurich et al., 2003) , decision tree using fuzzy subsets allowing cope with uncertainty and avoid effect of knife-edge limit of classes (Keichinger, 2001; Sattler et al., 2010) . More recently several authors (Sadok et al., 2009; Mess ean et al., 2010; Anonymous., 2011) ) developed a qualitative approach based on decision tree using the DEXi tool (Bohanec et al., 2008) . Tichit et al. (2010) worked on a totally different approach, using a dataset and deriving a posteriori regressions between a variable assessing the occurrence of bird and different sets of input variables (table 3) .
Discussion
This article aimed at providing an overview of the biodiversity indicator available to agronomists working on cropping systems at field and to other stakeholders working on higher scales. We organized the presentation in three groups of indicators according to their type of construction. As it was pointed out by several review articles, a very large number of measured indicators are available using many taxonomic groups. The implementation of such indicators requires taxonomic knowledge what is the main hindrance to their implementation for non-specialists like many agronomists. This led some authors to propose parataxonomic approach which assess the diversity by sorting living organisms into morphologic groups (Duelli and Obrist, 2003) . This approach remains very controversial (Abadie et al., 2008) . Lindenmayer and Likens (2011) analysed in a very exhaustive way the use of measured biodiversity indicator. They pointed out the lack of justification for the choice of the species and the poor predictive quality of many measured indicators. Some authors tried to validate measured indicators. At European level no group species could be correlated to the diversity of all taxa (Billeter et al., 2008) , although such test across different ecosystems is not relevant according Lindenmayer and Likens (2011) . At field level, a comparison of individual taxa of invertebrates with the whole diversity of invertebrates accross taxa yielded the best correlation for heteroptera and aculate hymnoptera (bees, wasp and ants), (Duelli and Obrist, 2003) . Arena, coleotera (among them carabid beetles), syrphidae or red list species showed a poor correlation.
Such considerations led several authors to state that assessment of biodiversity should rest on several taxa (e.g. Carignan and Villard, 2002; Duelli and Obrist, 2003) . In any case, biodiversity indicators are often expressed in composite indices like those presented in table 1. The Shannon indicator is the most popular but does not seem to be the most relevant (Jost, 2006) . A major drawback is that such indicators are only quantitative and do not take into account the nature of species. An increase of biodiversity can also be due to invasive species (Lamb et al., 2009 et al. (1999) in the Netherlands, which assesses biodiversity at farm level, each species is weighted by a factor addressing its rarity.
Although there is a growing agreement to assess not only biodiversity but also the linked ecosystemic services like pollination , those are assessed in very indirect way by assessing the diversity of species involved in the service. This is the case for biological control. But possibility of predation between predator guilds limits the interest of species diversity, which is a very complex concept (Straub and Snyder, 2008) . Measurement of amount of captured prey by a predators, or determination of stomach content of predator with help of molecular biology (King et al., 2008) are useful to assess the service in experimental conditions. The implementation of such techniques in routine to derive an indicator remains questionable for the moment.
The second group of simple indicators based on management variable are more easy to assess than measured ones and are therefore used in several multithematic environmental assessment method (Braband et al., 2003) . Their predictive quality remains in general poor although Billeter et al. (2008) found some correlations with the diversity of some taxa (table 2) . But the correlations were observed for a very broad range of conditions regarding landscape structures, farming systems. Such indicators do not take into account interactions between management and pedo-climatic conditions and do not refer in an explicit way to species. In any case, simple indicators based on management data are useful to communicate with farmers as they focus on information which farmers know and understand (Tichit et al., 2010) . They can be used to analyze results obtained with measured indicators. The Nature Balance is an example of assessment method of biodiversity at farm level combining both types of indicators (Oppermann, 2003) .
In the difference with previous reviews on biodiversity indicators in farmland (e. g. Braband et al., 2003; B€ uchs et al., 2003) , our article does not only focus on measured indicators or simple indicators using management data, but also on predictive indicators. In the last decade several initiatives were proposed for assessment of agricultural systems, a majority of them being developed in the frame of multi-criteria assessment method addressing also other environmental issues or even other dimensions of sustainability. Their advantage is that they do not need taxonomic identification while providing information of impacts of crop management factors on one or several species, or a given taxon. Most of them can be used by agronomists working on design of innovative cropping systems.
Like for the other types of indicators, their predictive quality remains a question. Correlations were found by some authors between indicator output and measured diversity of the taxon (Butler et al., 2009 , excepted for broadleaf species), at the level of occurrence of species (Sanderson et al., 1995) , or with expert judgments (Keichinger, 2001) . The development of qualitative approach based on the DEXi tool (Bohanec et al., 2008) should be noticed. The construction of such qualitative models is relatively easy but the methodology requires more methodological investment, especially on the sensitivity (Bergez et al., 2010) . No validation was undertaken for these methods based on DEXi. Actullay such indicators constructed with expertbased methods may be limited by uncertainty and subjectivity. While expert-based indicators are built in a ''top-down'' manner, a new trend consists in adopting a ''bottom-up'' point of view by building indicators from observation data. The approach of Tichit et al. (2010) is one option. Machine-learning techniques (Shan et al., 2006) such as decision trees is another. They allow produce indicators that are more objective, scientifically sound and still easy to interpret. Uncertainty is still present but can be represented and handled using accurate formalisms such as fuzzy logic. A work on the development of a biological control indicator is ongoing within the Casdar entomophage project (2009) (2010) (2011) 1 . The availability of adequate dataset is a major requirement for the development of indicators following this methodology.
Conclusion
A vast number of biodiversity indicators are currently available for the agrono-mist and stakeholders who needs to assess the impact of agriculture on biodiversity. A great diversity of indicators goes together with this abundance. The selection of indicators among the three types of indicators given by the typology proposed in this article, will depend on the goal of the assessment work. We recommend to use measured indicators when users aim at assessing efficacy of a policy, of an agri-environmental scheme. But this requires several species to give a ''whole picture'' and a justification of the species choice. Simple indicators can be used by farmers' advicers in a first stage to work with farmers to make them aware of the problem. They can also complete the information given by measured indicators. But it remains a challenge to prove the link between both type of indicators, to highlight the causes of the observed impacts on biodiversity. The third option is to use predictive indicators resulting from an operational model or assessment function linking causes and effect. They are useful for agronomists working on ex ante assessment of newly designed cropping systems or to test policy options. Finally, more research is necessary on the validation of all those reviewed biodiversity indicators. There is also a need of new indicators assessing not only diversity per se but also the impact of crop and landscape management on ecosystemic services.
